and pelleted by centrifugation at 5,000 rpm for
5min. One of them was treated with a-galactosi-
dase dissolved in sodium citrate/phosphate buffer,
and the other tube was treated only with buffer for
lhrat.a'?“C.ThsoaHnwamwaahsdwiththe
washing solution and treated for 1hr with FITC/
BS-IB, on ice. The cells were washed and fixed
with 1% paraformaldehyde and analyzed by FCM.

Synonymous (Ks) and non-synonymous
(K,) nucleotide substitutions per sile

The number of synonymous substitutions per
possible synonymous site (Kg) and the number of
non-synonymous substitutions per possible non-
synonymous site (Kx) (Li et al., '85; Li, "93) were
calculated for codons of full-length «1,3-GT gene
and pseudogene sequences using MEGA 2.1
(Kumar et al., 2001). Ka/Ks ratios less than 1.0
are generally considered as evidence that the
proteins have evolved under negative or purifying
selection; pairwise comparisons between active
genes show this pattern (Wolfe and Sharp, '93;
Endo et al., '96). Ks/Kg ratios over 1.0 suggest
positive or directional selection.

Phylogenetic trees for the «1,3-GT isolates

Two phylogenetic trees using the amino acid

ces and nucleotide sequences of the al,

3-GT cDNAs were constructed using the N-J

method (Saitou and Nei, '87), and the reliability of

the clusters obtained was evaluated by means of

1,000 bootstrap replicates. The MEGA 2.1 soft-
ware was used to make the trees.

RESULTS

Isolation of feline a1,3-GT ¢DNA

A feline kidney cell line, 8C, was used to make
1,3-GT c¢DNA. Cellular RNA was isolated and
reverse transcribed. PCR with the two sets of
primers deseribed above was used to amplify
¢DNA. The PCR product was then ligated with
the cloning vector pCR2.1 and the construct was
used to transform E. coli cells. Plasmid DNAs
were isolated from E. coli colonies that harbored
DNA with the expected length of the insert and
used for DNA sequencing. We sequenced seven
different clones, and six out of seven clones gave
overlapping nucleotide sequences. The full-length
coding sequence of the feline %1,3-GT gene was
1,113-bp long (GenBank accession number
AY167024) and the deduced amino acid sequence
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contained 371 amino acids. Its molecular mass was
calculated to be 43,568 Da.

Expression of «-galactosyl epitope
on the cell surface

The expression vector pcDNA3 with the feline
«1,3-GT insert was made and transfected into a
cloned human osteosarcoma cell line, HOS, in-
fected with HTLV-], ie., HOS/HTLV-1 (Hoshino
et al., '93) in nine culture wells, and neomycin
selection was done. The cells were maintained
about 3 weeks in neomycin-containing medium
and examined by FCM using fluorescent isothio-
simplicifolia Isolectin By
(FITC/BS-IBy). In the first screening, FCM results
showed that 20-45% i

stained with FITC/BS-IB4
derived from wells 1 and £92 were single-cell
clonedbysaedingtheminto%weﬂplateeata
density of one cell per well, and thus obtained
two of 19 clones were about 98% positive by FCM
(Fig. 1). The clones derived from initial #1 and %2
wells were designated as HOS/HTLV-IAGT#1-a
and #2-a. The surface expression of «-galactosyl
epitopes was stable as it was detected by FCM
even after 20 cell passages (data not shown).
In contrast, the surface expression of a-galactosyl

peD

When the feline «1,3-GT-transduced HOS/HTLV-
1 cells were treated with u-galactosidase, specific
reduction of «-galactosyl epitope expression was
detected (Fig. 2) by staining with FITC/BS-1B, as
compared with results of these cells treated with
buffer alone. These findings indicated that the
¢DNA cloned from 8C cells really coded for the
feline »1,3-GT. The cells for highly positive o-
galactosyl epitopes grew as well as untransfected
HOS/HTLV-I cells, and their morphology was
indistinguishable from that of the untransfected
HOS/HTLV-I cells.

Analysis of the feline a1,3-GT gene sequence

We aligned the deduced amino acid sequences of
the «1,3-GT genes of feline, porcine, murine,
bovine, cebus and marmoset origins and the
human and orangutan 21,3-GT pseudogenes using
software for multiple alignments, w
(Thompson et al., "94) (Fig. 3). In our alignment
of the amino acid sequences of the eight «1,3-GT
genes, the feline sequence was 85-87% similar to
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Fig. 1. Detection of o-galactosyl expr The

peDNA3 control vector-transfected HO&’H‘I‘LV-I cells (A) and
the feline «l3-GT gene-transfected HOSHTLV.I cells
(B) were processed for FCM using FITC/BS-IB, and examined
for the expression of o-galactosyl epitope on the cell surface.
The cut-off value for fluorescence intensity was set as 5% of
control cells were scored positive (A); the cells that showed
stronger intensity than the cut-off value were considered to be
positive (B).

those of bovine, porcine, cebus and marmoset
origins; the human and orangutan sequences were
82-83% and the murine sequence was 77% similar
to the feline sequence. The nucleotide sequences
of the bovine, porcine, marmoset and cebus al,
3-GT genes and of the orangutan and human «l,
3-GT pseudogenes showed a high similarity
(88-90%) to the feline sequence, while the murine
sequence was only 81% similar to it (Table 2).
Figure 3 shows that there is an especially high
similarity among all eight «1,3-GT sequences after
amino acid number 84 (feline), 85 (porcine), 85
(murine), 81 (bovine), 89 (human), 89 (cebus), 89
(orangutan) and 90 (marmoset): there was
82-91% similarity in the domain corresponding
to amino acid numbers 84-370 of the feline
sequence, while in the domain 1-83 the similarity
was much lower and between 65% and 72%
(Table 2). The highly similar domain has been
thought to encode catalytic activities (Henion
et al., '94). Although the human and orangutan

«1,3-GT genes are inactive, we still noticed the
high similarity in their nucleotide sequences with
those of other animal o1,3-GT genes. The murine
sequence showed a slightly lower similarity: 82%
in the 84-370 domain and 62% in the 1-89 domain
(Table 2).

To study the evolutionary forces that have been
operated among o1,3-GT genes, we analyzed their
sequences for synonymous substitution per site
(Kg) and non-synonymous substitution per site
(Ka) between paired species using the modified
Nei-Gojobori method (Kumar et al,, 2001). The
total number of possible synonymous sites in an
individual sequence among the eight «1,3-GT gene
sequences was between 287 and 296 (standard
error between 6 and 8) with an average of 292, and
the total number of possible non-synonymous sites
was between 795 and 810 (standard error between
7 and 16) with an average of 803 (data not shown).
The total number of possible synonymous and

on-synonymous sites in an individual sequence
was between 1,082 and 1,104 with an average of
1,095, The total synonymous-site differences be-
tween paired samples were between 8 and 121
(standard error between 3 and 9) with a mean of
65 (Table 3), and the non-synonymous-site differ-
ences were between 12 and 129 (standard error
between 3 and 12) with a mean of 69 (Table 4). We
found that the range of the paired samples Ks
(calculated using MEGA 21 software) was
0.028-0.410 (standard error between 0.009 and
0.028) with a mean of 0.223, and the K4 range was
0.015-0.161 (standard error between 0.006 and
0.015) with a mean of 0.086 (data not shown). The
Kg values are significantly higher than the K,
values (P <0.0005, according to Student’s t-test).
Table 5 shows the K,/Kg ratios where all the
values are within a range of 0.219-0.763, indicat-
ing that the «1,3-GT genes are in a direction from
negative, purifying selection to neutrality. The
ratios between the species that express the active
enzyme are around 0.2-0.4 and those of primates,
including cebus, orangutan and human but not
marmoset, are around 0.7-08 irrespective of
whether the enzyme is active (cebus) or inactive
(orangutan and human). The marmoset «1,3-GT
gene shows an intermediate type: 0.273 with that
of cebus and about 0.7-0.8 with that of orangutan
and human (Table 5).

Phylogenetic trees of the «1,3-GT genes

To analyze the evolutionary distance among
%1,3-GT genes of feline, murine, bovine, porcine,

J. Exp. Zool. (Mol. Dev. Evol) DO1 10.1002jez.b
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Fig. 2. Detection of x-galactosyl expr

The peDNAS vector-transfected HOS/HTLV-I and the feline «1,3-GT

plasmid-transfected HOS/HTLV-I cells were initially treated with buffer (A and B) alone or a-galactosidase (C and D). The cells
were then processed for FCM (as described in Fig. 1) and examined for the expression of a-galactosyl epitope on the cell surface.

cebus and marmoset origins and the «1,3-GT
pseudogenes in orangutan and human species,
we constructed phylogenetic trees for these «1,3-
GT genes and pseudogenes by the N-J method
(Saitou and Nei, '87) using the total coding
nucleotide sequences (date not shown) and the
amino acid sequences (Fig. 4). When the feline
«1,3-GT nucleotide sequence was aligned with the
other «1,3-GT nucleotide sequences and a phylo-
genetic tree was made with Poisson correction,
it was closely related with the other mammalian
«1,3-GT nucleotide sequences. The phylogenetic
tree showed that the feline «1,3-GT gene clustered
with all other mammalian «1,3-GT genes, espe-
cially with the porcine and bovine genes, with a
bootstrap support of 93% (date not shown).

The phylogenetic tree constructed using the
deduced amino acid sequences shown in Fig. 4
reveals a markedly similar pattern to that con-
structed using the nucleotide sequences. We also
aligned 1-83 and 84-370 amino acid sequences of
the feline «1,3-GT with all other «1,3-GT amino
acid sequences to make two other phylogenetic
trees (data not shown). Both of the phylogenetic
trees show almost the same pattern as shown
in Fig. 4.

J. Exp. Zool. (Mol. Dev. Evol.) DOI 10.1002/jez.b

DISCUSSION

When HOS/HTLV-I human cells were trans-
fected with the ¢DNA encoding the feline «l,
3-GT, they became positive for the expression
of o-galactosyl epitopes. In addition, o«-galac-
tosidase treatment of HOS/HTLV-I cells trans-
fected with the feline «1,3-GT led to specific
reduction of o-galactosyl epitope expression
(Fig. 2) as detected by staining with FITC/BS-
IB,. The enzymatic removal of o-galactosyl
epitopes was, however, incomplete, probably be-
cause the reaction was performed at sub-optimal
pH to preserve the cell viability as described by
Bracy et al. ('98). Thus, newly cloned human
cells showed the stable expression of the feline
@1,3-GT (Fig. 1), which catalyzes the addition of
u-galactosyl epitopes to existing carbohydrate side
chains.

According to the general topology of glycosyl-
transferases (Paulson and Colley, '89; Joziasse
et al,, ’92), it has been reported that there are
three domains in the sequences of glycosyltrans-
ferases: a cytoplasmic domain, a transmembrane
domain and a luminal domain. Henion et al. ("94)
have shown that the 67 amino acids from positions
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Fig. 3. Ahgnment of deduced amino acid sequences of different 21,3-GT genes. The amino acid sequences of the feline,
poreine, murine, bovine, cebus and marmoset «1,3-GT genes and human and orangutan «1,3-GT pseudogenes are aligned using
CLUSTAL W algorithm. Numbers at the right side indicate amino acid positions. Dots {.) represent amino acids identical to
those in the feline gene sequence. Amino acid deletions in each gene are indicated by dash marks (-). In the human sequence, the
star marks (%) indicate premature stop codons.
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Amino acid sequence
1-83 domain 84-370 domain Total
Nucleotide
Species similarity (%) Similarity (%) Gap Similarity (%) Gap Similarity (%)
Murine 81 62 s b 0 i
Bovine 83 65 3 90 ] 85
Porcine 90 2 1 g1 0 87
Marmoset 89 ir] 0 91 0 87
Cebus 89 2 1 91 0 87
Orangutan 88 70 1 86 1 83
Human B8 70 1 B6 2 82

’f‘hamdmgmdthcﬂMTwmmM.WingmIdmtkﬁmchntﬂunﬁmﬂnnnﬂ&dmchwﬁ:ﬁmmﬂu@q
Pp.mmmdmdldmlhﬂvmﬁ)mMMmﬂnhhamemdaﬂdMmew
Num

mdmmmmmwmmlmwmmmammﬂmnﬂ

TABLE 3. Total number of synonymous differences bel paired speci 1g eight different o1,3-GTs
Species
Species Feline Murine Bovine Porcine Marmoset  Cebus Orapgutan  Human
TFeline —
Murine 1 al
Bovine il 120 —
Porcine 64 ns 61 —
Marmoset 6 95 4 63 —_
Cebus m 94 ™ 61 16 —
Orangutan i} | 87 68 56 v 15 —
Human 2 91 il 59 21 1y 8 —
Tuwpoﬁhhwﬂmmhetmmwdm'ﬂhmmﬁm.
TABLE 4. Total ber of non-sy differences between paired species among eight different «13-GTs
Species
Species Feline Murine Bovine Porcine Marmoset  Cebus Orangutan  Human
Feline —_
Murine 100 —
Bovine 62 123 -
Porcine Bl 110 66 —_
Marmoset 48 107 68 64
Cebus 13 106 63 60 12 —
Orangutan 60 123 83 9 an M —
Human 60 129 83 ™ 40 36 18 —_

Total possible non-synonymous sites were between 705 and 810 with an average of 803,

23 to 89 in the marmoset «1,3-GT gene, which orangutan o1,3-GT genes at the site correspond-
they called a stem region, have little effect on ing to the 268th amino acid of the marmoset gene
enzymatic activity, but the sequence between 90 (Fig. 3) will lead to the loss of about 100 amino
and 376 can show an almost full catalytic activity. acids at the C-terminus. This loss is expected to
The presence of stop codons in human and be sufficient to lose the entire catalytic activity
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TABLE 5. K 4/Kg ratios of paired samples among eight different a13-GTs

Species
Species Feline Murine Bovine Parcine Marmoset  Cebus Orangutan Human
Feline _
Murine 0343 —
Bovine 0.284 0.374 —
Porcine 0.289 0.355 0.386 —
Marmoset 0.228 0411 0.336 0.367 -
Cebus 0.220 0414 0.298 0.354 0.273 -
Orangutan 0.306 0.517 0.445 0.510 0.780 0.808 —
Human 0.304 0.516 0411 0485 0.694 0.763 0.786 —_

'K u/Kg ratios calculated using MEGA 2.1 software (Kumar et al., 2001).

—EW

79 Cebus
Feline
MQ
8 Porcine
Murine

100

}__.!

0.08
Fig. 4. A phylogenetic tree of the «1,3-GT enzyme. A
phylogenetic tree of the amino acid deduced from

the nucleotide sequences for murine, feline, porcine, borine,
marmoset and cebus 21,3-GT genes and the human and
orangutan «1,3-GT pseudogenes was constructed by the N-J
method using the MEGA 2.1 software. The phylogenetic
relationships of the amino acid sequences are represented as
unrooted cladograms. The numbers at branch nodes indicate
the bootstrap support level (BSL), which is the percentage of
how often each branch presents exactly the same topology in
all the resampled trees. The scale bars indicate the number of

substitutions per site.

even when «1,3-GT mRNA of human or orangutan
is translated.

In our sequence alignment, it appeared that the
amino acid residues 61-83 in the feline 21,3-GT
gene form a highly variable region and the
residues between 84 and 371 form a highly
conserved region. This finding also suggests that
the catalytic domain of the feline «1,3-GT gene is
located in the highly conserved 84-370 domain. In
the corresponding domains of animal sequences,
including the human and orangutan pseudogenes,
the functional constraints appear to have re-
stricted mutations throughout evolution by Wil-

son et al. ("77). Since most of the amino acid gaps
were located between positions 45 and 84 of the
feline «1,3-GT sequence, this portion is unlikely to
contain catalytic activity.

The «1,3-GT gene is transcribed in a small
amount but the enzyme encoded is not active in
higher primates (humans, apes and OWM) (Koike
et al., 2002): the reason for loss of this enzyme
activity in higher primates is unknown. There are
several reports on production of «1,3-GT gene-
deficient mice (knock-out mice). These mice can
grow, live and age normally (Tearle et al., 96;
Pearse et al, '98), indicating that the «l,3-GT
gene can be dispensable for rodents, although this
gene has been evolutionarily conserved as shown
in Table 2. On the contrary, the expression of the
21,3-GT gene in human cells did not affect the
growth and morphology of human cells, as we
could isolate HOS/HTLV-I cell lines highly ex-
pressing «1,3-GT (Table 1 and Fig. 1). Thus, its
expression did not exert adverse effects on human
cells at least in tissue culture. It is intriguing for
us that the «1,3-GT genes of marmoset and cebus
and the pseudogenes of orangutan and human
show similar degrees of substitution rates in their
nucleotide sequences as well as in their amino acid
sequences to the murine, bovine and porcine
genes.

The rate of synonymous substitution (K3) is
usually much higher than that of non-synonymous
substitution (K,) for a normally functioning gene.
Synonymous substitution may be used as a
molecular clock for dating the evolutionary time
of closely related species (Kafatos et al., '77;
Kimura, '77; Miyata and Yasunaga, '80; Perler
et al., '80). K5/Kg ratios less than 1.0 are generally
taken as negative or purifying selection, and,
conversely, K,/Kg ratios significantly greater than
10 are considered to be proper evidence of
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directional or positive selection for amino acid
replacement (Li et al., '85; Li, "93). That is, when
the K/Ks value for a given gene is less than 1.0,
the encoded protein sequence has been conserved
during evolution. For example, the histone H4
gene family protein sequences are under purifying
selection (Piontkivska et al, 2002) and some
lineages of the primate lysozyme protein se-
quences are under directional selection (Messier
and Stewart, '97). Among the 21,3-GT genes, the
synonymous substitution rate is significantly high-
er than the non-synonymous substitution rate
between the paired sequences (P<0.0005). Gen-
erally, the values of possible non-synonymous
substitutions are much higher than the values of
possible synonymous substitutions. Among the
1,3-GT genes we examined, the ranges of possible
non-synonymous and synonymous substitution
sites were 795-810 and 287-296, respectively.

Pairwise Ku/Ks ratios are high (0.7-0.8) in the
species where the enzyme had lost its activity
(human or orangutan), but are much lower
(0.2-0.4) in the species where the enzyme is
active. Although the «1,3-GT gene in marmoset
and cebus is active and the K /K5 value between
them is 0.273, their pairwise Ku/Kg values with
human and orangutan pseudogenes are as high as
0.7-0.8. High K,/Kg values (among human, or-
angutan and cebus) may indicate that these genes
have evolved rapidly at the protein level or tend to
evolve free of constraint, although their pairwise
Ku/Ks ratios are not greater than 1. It is
noteworthy that most of the non-synonymous
substitutions are concentrated in a region that
locates outside of the catalytic domain of the
enzyme (Fig. 3).

Humans are known to carry natural antibodies
against «1,3-galactosyl epitope at high titers and
these antibodies are also known to markedly affect
transplantation of xenografts derived from porcine

and will lead to rejection (Sandrin and
McKenzie, '94). A pig strain with knock-out of this
gene has already been made (Dor et al.,, 2004).
These antibodies should, however, be beneficial
for survival of higher primates. These natural
antibodies have been thought to exert prophylactic
effects on development of cancer or infection with
certain bearing «-galactosyl epitope
(Gollogly and Castronovo, "96; Welsh et al., '98).
It remains to be elucidated why 1,3-GT genes
should have been inactivated in humans, apes and
OWM and why the inactivated gene sequences still
have a high degree of similarity to those of the
active genes.

J. Exp. Zool. (Mol. Dev. Evol.) DOI 10.1002/ez.b
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Abstract

Gimcdelmmmmdnwyﬁm(ﬂﬂwmﬂnﬂhmmnﬂﬂv-l infects macaque monkeys and provides basic

information that is useful for the development of HIV-1 vaccines. Regulated-on-activation-normal-T-cell-

(RANTES),

a OC-chemokine, enhances antigen-specific T helper type-1 responses against HIV-1. With the final goal of testing the adjuvant effects of

RANTES in SHIV-macaque models, we constructed a SHIV having

vitro. SHIV-RANTES replicated both in human and monkey T cell

lhaRANTBng(SHIV—RANTBSJnddnmimdhpmperﬁuin
lines. Along with SHIV-RANTES replication, RANTES was detected in

the supemnatant of human and monkey cell cultures, at maximal levels of 98.5 and 4.1 ng/ml, respectively. A flow cytometric analysis showed
that the expressed RANTES down-modulated CC-chemokine receptor 5 (CCRS) an PM1 cells, which was restored by adding anti-RANTES
antibody. UV-irradiated culture supematants ﬁomwesmv-ummwmnqmwafm#m-x Bal in
PM-1 cells. mmui-&ngml-u'mgKnpcammmmww&onufsmwmmcsmmumocmwm
replication of HIV-1 Bal. Biological activity of the expressed RANTES and the inscricd RANTES gene in SHIV-RANTES remained stable
mrlnmnmmduwmsm-m&mnhm;hmm;

© 2005 Elsevier SAS. All rights reserved.
Keywords: SHIV; RANTES; HIV-1; AIDS

1. Introduction

A successful HIV-1 vaccine is needed to control the world-
wide AIDS epidemic. Chimeric simian and human immuno-
deficiency virus (SHIV) clones containing the HIV-1 env
genes on & simian immunodeficiency virus (SIV) provide use-
ful information on HIV-1 vaccine development, because
SHIVs are readily infectious to macaque monkeys, and show
induction of immune responses to HIV-1 Env. We previously
reported the in vivo properties of the SHIV-NM3rN (derived
from HIV-1 NL432 and SIV mac239) with deletion in the
vpx, vpr, and/or nef genes [1], Macague monkeys inoculated
with these gene-deleted SHIVs induced anti-HIV-1 Env

* Corresponding suthor. Tel /fax: +81 985 58 7575,
E-mail addrers: 30d518u@cc.miyazaki-u.ac jp (T. Haga).

1286-4579/5 - sce front matter © 2005 Elsevier SAS. All rights reserved.
doi: 10.101 6. micinf 2005.06.017

bumoral and cell-médiated immunity without causing an
AIDS-like disease [1]. Moreover, the monkeys immunized
with the nef-deleted SHIVs (SHIV-NI), were protected from
achallenge with a heterologous pathogenic SHIV [2,3]. Live-
attenuated SIV/SHIVs bave been shown to be effective vac-
cines in macaque models. However, serious questions about
the pathogenic potential of live-attenuated SIVs [4,5] have
dampened enthusiasm for their use in clinical trials. Never-
theless, clarification of the protective mechanisms of attenu-
ated SIV/SHIVs in macaque models could help to improve
other vaccine candidates such as live vector-based vaccines
and plasmid-DNA immunogens. In general, the immunoge-
nicity of live-attenuated vaccines tends to increase with
increasing virulence [6]. Therefore, in attenuating a live virus,
there is a trade-off between safety and immunogenicity. A
good way to overcome this problem is to genetically engi-
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neer a virus to co-cxpress an immunostimulatory agent such
asa cytokine adjuvant. Several studies have demonstrated that
insertion of a cytokine in a gene-deleted live-attenuated STV
could boost its immunogenicity and enhance its protection
ability [7,8]. This would make it possible to obtain a higher
Jevel of immunogenicity from safer, less virulent strains.

Chemokines constitute a family of small proinflammatory
cytokines that regulate the activation and migration of leuko-
cytes. Regulamd-on-uﬁvaﬁm-mal-‘r-mﬂ—upnuad-md-
sea-etad(RANl'ES)inCC-chemokiuemdamunﬂ ligand
for the CC-chemokine receptors 1 (CCR1),CCR3, and CCRS.
RaceptmorRANTBSmmmaedmavumyofod]s
predominantly associated with T helper type-1 (Thl) re-
sponses [9]. An immune response polarized toward a more
Thl response is associated with a reduced viral load and non-
progression of disease in HIV-1 infection. RANTES has been
found to enhance cellular immune responses resulting in a
more effective immune-modulating effect against HIV-1-
related virus in rodent and monkey models [10-13]. In addi-
tion, infection of macaques with a live-attenuated STV induced
the production of CC-chemokines [14-16], and the up-
regulation of CC-chemokines was found to be associated with
lheswﬂiziuhnmunitygcnemedhymemine[ul. More-
over, RANTES has been shown to directly inhibit HIV-
1 replication in vitro [17.18). RANTES blocks or down-
modulates CCRS in vitro, which leads to suppression of
CCRS5-tropic (R5-tropic) HIV-1 infections. These results make
RANTES an attractive candidate as a cytokine adjuvant.

To study the adjuvant effect of RANTES against HIV-
1 related-virus infections in the macaque model, we have
wﬁuﬂyongimedasm\!toupmthcbmm
RANTES gene (SHIV-RANTES). In this study, we compare
the in vitro properties of SHIV-RANTES with those of its
parental SHIV-NL SHIV-RANTES replicates in both human
and monkey cells, and expresses a high amount of RANTES.
The RANTES with SHIV-RANTES was biologi-
cally active as shown by its ability to down-modulate expres-
sion of CCRS and to inhibit the R5-tropic HIV-1 BaL infec-
tion. Pre-inoculating cells with SHIV-RANTES more
efficiently suppressed a challenge with RS5-tropic HIV-1 BaL
in vitro than did pre-inoculation with the parental SHIV-NL
Thesc results suggest that SHIV-RANTES will be useful for
understanding the effect of RANTES against HIV-1-related
infections. These data are an initial step toward the assess-
ment of SHIV-RANTES in vivo.

2. Materials and methods
2.1. Construction of SHIV-RANTES

The SHIV-nef vector, designated as SHIV-NI, was con-
structed from an infectious molecular clone of SHIV-NM3N

[19]. The env gene of the SHIV-NM3iN was derived from
CXCRA4-tropic (X4-tropic) HIV-1 NL432, whose replication

HIV-1NL432

SHIV-NM3rN | —
env LTR

LTR

sfl—v.:“”’.'/) :\

Xho| Apal

EcoRV Hindlll Clal  Sall

7/
SHIV-RANTES Kozak's report \
——

’
ATCGATACC GGGCCC
Clal  RANTES (276bp) ~P7'

Fg. I.Mmdmm.mmlndxhluiud
pwmmmqmw.uwmumm
mmmmmmmmmmmfmmm
dhm;mohﬁwnhuhxml-kh‘mwofm
mmmmmcmnnmmmumu
hndmkuﬂnmymcdﬂhpiﬂofunqpmdsm\'—
mm.mmmmmmmmv-lm'smc.u-
ik 1 initiati ANNATGN or GNNATGR). SHIV-NI

tive q
m”wmwﬂ)dswm(wmwm).

is not thought to be blocked by RANTES, In SHIV-NI, the
nef gene was replaced by some unique restriction enzyme
sites, including the Clal mdAdesiws.'IhehummRANTE.‘i
open reading frame (ORF) was first amplified by PCR from a
fulllmsthhumanRANTEScDNAupmriomlyduaibed
[20]. The flanking sequence of the RANTES ORF was modi-
fied with the PCR primer RAN-Cla (5'-ATATCGAT-
ACC@AAGGTCICCGCGGCAG-T) and RAN-Apa (5'-
TAGGGCCCCTAGC‘I‘CA’ICICCAAAGAGTTG-S'). The
mdulinﬂdATGinRAN—Clnindjwuthemnofmc
RANTES ORE. The relevant restriction sites in each primer
are shown in italics. The flanking sequence of the RANTES
initiation codon (ACCATGA) corresponds to an effective
ribosomal initiation sequence based on Kozak's [21] report
(effective ribosomal initiation sequence, ANNATGN or
GNNATGR). The PCR product was cloned into pUC119 vec-
tor by TA-cloning, and the sequence was confirmed as previ-
ously described [22]. The PCR fragment digested with Cla 1
mdmlwmwnedmmmesmv-ncfmms. 1).

2.2. Cell cultures

A CD4* human T lymphoid cell line, M8166 (a subclone
of C8166), was used to the stock virus and (o mea-
sure the viral infectivity in human cells [23]. HSC-F cells, a
cynomolgus monkey CD4" T cell line, were used to assess
the viral infectivity in monkey cells [24]. PM1,aCD4" T cell
clone that CCRS5, was derived from the human neo-
plastic T cells line Hut78 [25]. CB166-CCRS cells were estab-
lished by the transfection of C8166 cells with the human
CCRS coding region using retrovirus vector pMX-puro, which
contains a puromycin-resistant gene [26]. PM1 and C8166-
CCRS5 were utilized as CCR5-expressing cells and R5-tropic
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HIV-1-susceptible cells. These cell lines were all maintained
in RPMI medium (RPMI 1640 with 2 mM L-glutamine and
sodium bicarbonate; Sigma, St. Louis, MO) containing 10%
beat-inactivated fetal calf serum (FCS) (Gibco-BRL Life
Technologies, Auckland, New Zealand). Puromyein (1 pg/ml,
Sigma) was nddedwlhemediumunselwﬁnnagentfor
C8166-CCRS cells.

2.3, Virus stock

SHIV-RANTES and SHIV-NI was propagated as descried
previously [22]. The virus stocks of the SHIV-RANTES and
SHIV-NI were produced in M8166 cells, and the virion-
associated reverse transcriptase (RT) activity of the virus
stocks was measured. The titers of the viruses were deter-
minedbythemmaﬂminrwﬁomdon(’mm)
method as described by Reed and Muench [27]. The TCIDy,
o{ﬁrnswascmhxedﬁlhmek'racﬁvityiuthisuudy.ne
laboratory monocytotropic HIV-1 BaL was utilized as RS-
tropic HIV-1 [28]. The virus stock of HIV-1 BaL was pre-
pared from the culture supernatants of HIV-1 BaL-infected
PM1 cells.

2.4. Virus Infection of human and monkey cells

To investigate the kinetics of virus replication and produc-
tion of RANTES with SHIV-RANTES in human cells,
MB8166 cells were inoculated with the virus as described else-
where [22]. The virus inoculum was adjusted to contain a
certain amount of RT units by adding the appropriate volume
of the medium to the virus stock. Half of the culture super-
natant was harvested with subsequent addition of new medium
every 3 days. Virus replication kinetics was monitored by the
RT activity of the supernatant. The production of RANTES
fmmlhevims—intaclndu]]lwmmuudhyanzymclinbd
immunosorbent assay (ELISA) using a Quantikine human
RANTES ELISA kit (R & D Systems, Inc., Minneapolis,
MN). To assess the properties of SHIV-RANTES in monkey
cells, HSC-F cells were also inoculated with the virus.

2.5. Flow cytometric analysis of CCRS expression

RANTES down-modulates expression of CCR5 on the cell
surface [29]. To assess the biological activity of the RANTES
produced by virus-infected M8166 cells, the down-
modulation of CCRS in PM1 cells was evaluated. PM1 cells
were plated at 2.5 x 10° cells per well, and incubated for
30 min at 37 °C with 100 pl of the culture supemnatant of the
samples. Thereafter, the cells were harvested and treated in
staining buffer [phosphate buffered saline (PBS) containing
2% FCS and 0.1% sodium azide] for 20 min at 4 °C with
phycoerythrin-conjugated anti-human CCRS monoclonal
antibodies (MAb) (2D7: PharMingen, San Diego, CA). To
inactivate the virus, the cells were fixed in 4% paraformalde-
byde for 30 min. Cells were analyzed for the cell surface

expression of CCRS by fiow Cytometry (EPICS X1. ELITE:
Beckman Coulter, Miami, FL). The percentage of CCRS ex-
pression was calculated based on the samples without
RANTES (0 ng/ml) which was defined as 100%. To assess
dlceﬂ'ectoﬂheﬂmspwﬁcles.themmmﬁomoflbeviﬂ-
ons in the culture supematants from the SHIV-RANTES-
infected M8166 cells and SHIV-NI-infected cells were
adjusladbaudmlhcvﬁmnmcimd-mmvitykmh
evaluate the effect of the spontaneous production of RANTES
from the M8166 cells, the CCRS expression on PM1 cells
exposed to supernatants from virus-uninfected cells (hereaf-
ter referred to Mock) was also monitored. Serial dilutions of
recombinant human RANTES (2-200 ng/ml; CHEMICON
International, Inc., Temecula, CA) were used as controls. In
the blocking assay with the anti-RANTES neatralizing anti-
mdm,memmmtmphminmbuedwﬂhzspym]
of MAb anti-human RANTES (R & D Systems) for 30 min
at 37 °C before adding the samples to PM1 cells.

2.6. Inhibition of R5-tropic HIV-1 replication with
the RANTES produced by SHIV-RANTES

To investigate whether the produced RANTES inhibits
R5-tropic HIV-1 infections, the replication of HIV-1 BaL, an
RS5-tropic HIV-1, was monitored in the presence of the cul-
ture supernatants from the SHIV-RANTES-infected cells. The
SHIVs in the culture supernatants were inactivated by
UV-irradiation at 2 J/em? to exclude the interference of rep-
lication of SHIV's on this assay, PM1 cells (5 x 10 cells per
well) were incubated with the UV-irradiated samples, and
infected with HIV-1 BaL.. Half of each culture supernatant of
PMI cells was harvested with subsequent addition of new
UV-irradiated samples every 3 days. The replication kinetics
of HIV-1 Bal. was monitored by the RT assay. To assess the
influence of UV-irradiation, a recombinant human RANTES
that had been exposed to a UV-source was also used.

2.7. In vitro challenge experiment

To assess whether the pre-inoculation with SHIV-RANTES
inhibits R5-tropic HIV-1 replication, the SHIV-RANTES-
infected C8166-CCRS cells were challenged with HIV-
1 BaL. C8166-CCRS cells were pre-infected with SHIV-
RANTES or SHIV-NI at 6 days before HIV-1 BaL infection.
The inoculation of SHIV-RANTES and SHIV-NI were
adjusted to the same RT levels. C8166-CCRS cells were incu-
bated for 2 h with SHIVs, washed two times with RPMI
medium, and then cultured at 5x 10* cells per well in a
96-well plate. Six days later, the SHIV-NI- and SHIV-
RANTES-infected cells were co-infected with HIV-] BaL.
The culture supernatants of the C8166-CCRS cells were har-
vested every 3 days, The growth kinetics of HIV-1 BaL and
SHIVs was independently monitored with a differentiating
real-time PCR quantification assay [2,30]. Total RNAs were
prepared from the culture supernatants of virus-infected
CB166-CCRS cells with a QIAamp viral RNA kit (Qiagen,
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Germany), and RT-PCR was performed using a TagMan
RT-PCR kit (Paﬁn—Etmu).mslv gag region of the viral
RNAs of SHIV-NI and SHIV-RANTES were amplified using
the primers STVII-696F (5'-GGAAATTACCCAGTACAA-
CAAATAGG-3) and SIVII-784R (5'-TCTATCAATTTT-
ACCCAAGGCATTTA-3"). A labeled probe SIVII-731T (5'-
Fam-TGTCCACCTGCCATTAAGCCC G-Tamra-3') was
used to quantify mePCllpmdud-Tode!eclRNAonhechal-
lenge virus HIV-1 Bal, nucleotide sequences for the HIV-1
gag region were amplified using the primers NL432-gag-F
(S‘.CAAGCAGCCATGCAAATGTD\-B'} and NL432-gag-R
(S‘MW-S'). A labeled probe
NL432-gag-T (5'—an-AGAGACCATCAA‘I‘GAGGAA-
GCTGCAGAATG-Tamra-3') was added to the reaction mix-
ml‘huemﬁouwuepafmodnﬂmapﬂmm&-
quence Detector (Applied Biosystems, Foster City, CA) and
analyzed using the manufacturer's software. The viral RNA
loads were quantified based on the copy number of the stan-
dard samples.

2.8, Stability of SHIV-RANTES after serial passages in
vitro

SHIV-RANTES was inoculated to M8166 cells at 5 x 10°
oeﬂspawe.llinaﬁ-w:llpm%mthecytopmhic effect
(CPE) was confluent, half of each culture supernatant was
uxedtninfectawullmtainingﬁuhMSlSﬁmlls.Tbeaﬂ-
ture supernatants from SHIV-RANTES-infected cells were
passaged 10 times in this way. To analyze the inserted
RANTES genes in SHIV-RANTES, the proviral DNA was
amplified from the virus-infected cells after each passage and
molmgthdmemsﬂanﬂngmgimmcheckdhy
PCR [31].

3. Results

3.1. Replication of SHIV-RANTES and production
of RANTES in human and monkey cells

In this study, & chimeric simian-human immunodefi-
ciency virus having RANTES gene (SHIV-RANTES) was
constructed (Fig. 1). SHIV-RANTES replicated well in human
MB8166 cells with almost the same replication competence as
parental SHIV-NI (Fig. 2A). The RT activity of SHIV-
RANTES peaked at about 9 days post infection (d.p.i.). The
maximum level of RANTES in the culture supernatants Was
98.5 ng/ml for the SHIV-RANTES-infected M8166 cells. The
spontaneous production of RANTES was detected at levels
between 4.1 and 9.3 ng/ml in the SHIV-Nl-infected
MS166 cells and the virus-uninfected M8166 cells control.
Replication of SHIV-RANTES in monkey HSC-F cells,
reached a peak at about 15 d.pd. (Fig. 2B). The replication
kinetics of SHIV-RANTES was similar to that of SHIV-NL
The maximum level of RANTES in the culture supernatants
from SHIV-RANTES-infected HSC-F cells was at 4.1 ng/ml,

A Human MB186 cells

m.zmammdxm jon with SHIV-
RANFBndSI-IIV—NIhhmn(M.dMG}CD"mﬂIiﬂ-Vﬂ
plication was monitored by RT ctivity in the sup of cell cultu
Mmmvm(qnmlu)umﬂv-m(cmmh;
The unit for KT activity is PSL-BG, luminescence mMinus
wmm-m.ﬁimmmpmwm
mwmaumwauﬂmmmm
Wm(wrmh)xsmv-ﬂl(cwm).

whiizitwulmlhmlh:mﬂ-oﬂvalu(ﬂ.m ng/ml) in the
culture supernatants from the SHIV-NI-infected cells.
SHIV-NI and SHIV-RANTES used CD4 and CXCR4, but
not CCRS, as determined by an infection of GHOST cells
expressing CXCR4 or CCRS (data not shown). These data
shuwma:RANTESwupmduoeddﬁcienﬂyalongwhh the
replication of SHIV-RANTES in buman and monkey cells,
and that the replications of SHIV-RANTES, X4-tropic virus,
was not influenced by its production of RANTES.

3.2. Down-modulation afFCRS by RANTES

RANTES down-modulates CCRS from the cell surface,
and CCRS reaccumulates on the cell surface after the removal
of ligands [29,32). To check the biological activity of the pro-
mm.mmﬂmamm PM1 cells
was monitored. Surface expression of CCRS5 was detectable
on approximately 21% of PM1 cells with the anti-CCR5 MAb
2D7, which is consistent with a previous report [33], In this
study, the levels of RANTES in the cultures infected by SHIV-
RANTES, SHIV-NI, and Mock were 14, 2.6, and 2.6 ng/ml,
respectively. Treating the cells with recombinant human
RANTES reduced expression of CCRS on the cell surface in
a dose-dependent manner (Fig. 3). When the PM1 cells were
incubated with the culture supernatants from the SHIV-
RANTES-infected cells, CCR5 expression on the cell sur-
face was consistently reduced about 75%. Down-modulation
ofCCRSWl.lmobsawdinmeerIt:uwdwilh!hewl-
ture supernatants from the SHIV-Nl-infected cells, but the
reduction was only about 33%, which was less than that in
cells treated with culture supernatants from the SHIV-
RANTES-infected cells. The down-modulation of CCRS with
the sample from the SHIV-NI-infected cells is thought to be
due to the background concentration of RANTES, since the
mdmﬁmwssalmnstﬂ;emeulhnlmdwim the samples
from the Mock (the down-modulation of CCRS was 34%).
Pretreatment of the samples with the anti-RANTES antibody
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completely abolished the down-modulation of CCRS. Thus,
the reduction of the cell surface CCRS correlates with the
level of the expressed RANTES from SHIV-RANTES-
inoculated cells.

3.3. Inhibition of RS-tropic HIV-1 BaL infection by
RANTES from SHIV-RANTES-inoculated cells

In this study, the levels of RANTES in the UV-irradiated
samples from the cultures infected with SHIV-RANTES,
SHIV-NI, and Mock were 14, 0.8, and 0.8 ng/ml, respec-
tively. In the case of the culture supematants from SHIV-
RANTES-infected cells, approximately 51% of the inhibi-
tion of HIV-1 BaL infection was consistently observed at
12 d.pi., when the viral loads of the HIV-1 Bal peaked
(Fig. 4). A reduction of the HIV-1 Bal. RT activity was also
observed for the culture supernatants from the SHIV-NI-
inoculated cells and that of the Mock-inoculated cells, but
the reductions were only about 23% and 20%, respectively.
Interestingly, inhibition of HIV-1 Bal infection with the
l4ngfmloftbemdudeANrESfmmlheSl{[V-RANTBS-
infected cells (51% inhibition) was slightly greater than inhi-
bition with an equal concentration of recombinant human
RANTES (42% inhibition). These results suggest that the pro-
duced RANTES efficiently inhibits R5-tropic HIV-1 infec-
tion.

3.4. In vitro challenge experimentis of the SHIV-RANTES
inoculated cells with RS-tropic HIV-1

A previous finding in the SIV-macaque models suggested
that the induction of a CC-chemokine by a recombinant SIV

gon |

HIV-1 BaL RT level (% of control)

1 1 ] 1
HIV-  HIV-1 HIVA HIV-L IV BHIV- SHIV-
* . - * L RANTES
Mock SHIV- SHIV- rh ™9 sup.
sip. NI RANTES RANTES
sup.

Fig. 4. Inhibition of HIV-1 Eibywmuwh:w&m
SHIV-RANTES-infected cells. Virus replication of HIV-1 Bal. was mouito-
red by RT activity from the culture i of virus-inf
ullip.thmmhummmmcmmmnf

vaccine was associated with protective immunity to mucosal
infection with SIV [34]. We assessed whether the pre-
inoculated cells with SHIV-RANTES were protected against
the challenge with R5-tropic HIV-1 in in vitro experiments.
In this assay, C8166-CCRS cells were used as CCRS positive
cells, since the ability of virus replication in C8166-
CCRS cells was better than that in PM] cells. As shown in
Fig. SA,B, the SHIV-RANTES-inoculated C8166-CCRS cells
produced RANTES, reaching a maximum level of 66.7 ng/mi
at 6 days post challenge (d.p.c.) (at 12 d.pi.). At the time of
the challenge with HIV-1 BaL, the RANTES level in the cul-
ture supernatant of SHIV-RANTES-infected cells was already
16.9 ng/ml, while that of the SHIV-NI-infected cells was Jess
than the cut-off value (2.5 ng/ml) during the experiment,

As shown in Fig. 5B, the viral loads of HIV-1 in the naive
HIV-1 BaL-infected C8166-CCRS cells increased to above
107 copies per ml at 9 d.p.c., and remained at a high level.
Pre-inoculation of SHIV-RANTES suppressed the challenge
of HIV-1 BaL. The peak virus loads of HIV-1 BalL in the
SHIV-RANTES pre-inoculated C8166-CCRS cells were two
orders of magnitude lower than that of the naive HIV-1 BaL-
inoculated cells. The viral loads of HIV-1 BaL in the culture
supernatants of the SHIV-RANTES pre-inoculated cells pla-
teaued at 10 copies per ml during the observation period.
Viral loads of HIV-1 BaL in the SHIV-NI pre-infected cells
reached between 10° and 10° copies per ml, which s higher
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than that in the SHIV-RANTES pre-inoculated cells. These
results show that pre-inoculation of C8166-CCRS with SHIV-
RANTES partially protected against the challenge with HIV-
1 BaL in vitro.

3.5. Stability of inserted RANTES gene in SHIV

Insertion of an additional gmemaybeahudmfonhe
vixmiudf.lnothﬂwmdiﬂ.mecytokinegmusuchu
IFN-v.[L-z.md]blzmmtedimocideHIVorslem
found to be deleted during long-term experiments [19,35,36).
The stability ormeinmdeANTEanslnemmSH[V-

prodnctioninthaculmmpemmuﬂompmm 1,5,and
lDinﬁaeSHW-RANTES-Muldoeﬂsm?s.?. 76.8, and
82.2 ng/ml, respectively (Fig. 6B). These results show that
SHIV-RANTES muinndtbeabiﬁtytopmducemmer
serial passages. nmhmmmmudmmsmined
iuabiﬁtymdown-modulneccks and to protect against HIV-
1 BaL infection after 10 passages (Fig. 6C.D). These results
showlhulheinsatedRANTESgenainSH!V-RAM'ESwu
functional and stable until at least the 10th passage.

4, Discussion

In this paper, we compare the in vitro properties of SHIV-
RANTES with those of its parental SHIV-NI. SIV/SHIV vec-

mmhgacywkﬁlegmuppwmbeathmh
fotoMnsmeelfectofloc#pmdncﬁonofacymkﬁ)eon
virus replication, pathogenesis, and immunogenicity, espe-
cianybennsatheim:rmdcymkincgmeisﬂtpnmedintha
region where the SIV/SHIV vector replicates. Because SIV
dominantly utmdeCRSTurthevh'lumh'yandRANTBS
would suppress its replicate, we used the SHIV-NM3rN hav-
ing the Env of X4-tropic HIV-1 NLA432 as a vector that
:xpuuskﬁﬂf&ismnsnpemd.mereplinﬁmof
SHIV-RANTES, X4-tropic SHIV, was not suppressed by the
expressed RANTES in this experiment.

SHIV-RANTES replicated well not only in the human
CD4* T cell line M8166 but also in the monkey CD4* T cell
line HSC-F. In addition, SHIV-RANTES successfully repli-
cated in monkey PBMCs (data not shown). The expression
level of RANTES in human MB8166 cells was very high (up
10 98.5 ng/ml). The high level of expression of RANTES may
be partly due to the introduction of an effective ribosomal
binding l:quenoemheﬂanhnsregion of the RANTES ORF
211 andpuﬂyduetoinmﬁnglhegmeameufmgm
{37]. We previously constructed the SHIV-vpr vector, named
SHIV-3sj, from the same parental SHIV-NM3:N. Insertion
of the RANTES gene into SHIV-3sj resulted in the expres-
sion ntRANTl’.Suamaxhnumlevelof-t‘Mnymlinme
culture supernatants of virus-infected M8166 cells [20]. The
expression of RANTES with the SHIV-nef vector was about
two times higher than that with the SHIV-vpr vector. A high
level of expression of RANTES is advantageous (o study the
adjuvant effect of RANTES in vivo.

The results of many stdies indicate that RANTES and its
analogues suppress the infection of RS-tropic lentiviruses in
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vitro. However, little information is available on the role of
RANTES on X4-tropic lentivirus replication. Previous stud-
ies reported that RANTES enhanced X4-tropic and R5X4-
tropic HIV-1 replication, both of which depend on a signal
transduction and the enhanced HIV-1 replication is associ-
ated with increased colocalization of CD4 and CXCR4 [38].
The over-expression of RANTES may increase the replica-
tion of X4-tropic SHIV. A safety concern about live-attenuated
viruses is that their replication rate may increase. In vitro,
however, we did not observe increased SHIV replication in
either human or monkey cell lines infected with the RANTES-
producing virus.

Although the goal of this study is to test the immune-
modulating effect of RANTES against HIV-1-related virus
infection, immune responses are difficult to assess in in vitro
experiments. In vitro, the inhibitory effects of RANTES on
the entry of R5-tropic strains of lentivirus are well estab-
lished. RANTES blocks or down-modulates CCRS in vitro,

which suppresses HIV-1 infections [29,32]. The down-
modulation of CCRS5 is a biological activity of RANTES, Our
findings that the produced RANTES down-modulated
CCRS expression on the cell surface of PMI cells and that
UV-treated samples from SHIV-RANTES-infected cells par-
tially protected the PM1 cells from the R5-tropic HIV-1 Bal,
infection suggest that RANTES expressed by SHIV-
RANTES-infected cells is the factor protecting against
RS5-tropic HIV-1 infection. In this study, the biological activ-
ity of RANTES was confirmed by its ability to down-
modulate expression of CCRS and to inhibit the R5-tropic
HIV-1 BaL infection.

Our finding that the viral growth kinetics of HIV-1 BaL
was more strongly inhibited by the RANTES produced by
SHIV-RANTES-infected cells than by the recombinant
RANTES may be due to the presence of inactivated virus
particles and other inhibitory factors in the culture supema-
tants of the SHIV-RANTES-inoculated cells, Another reason
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iath:llheRANTESpmdwdbymmmﬂhncdhismc-
turally different from the recombinant RANTES. RANTES
i:mmedﬁomwmeneﬂsnamumbwlummplu
containing sulfated proteoglycans (with molecular sizes of
400-600 kDa), whereas the molecular size of recombinant
RANTES is approximately 7.8 kDa [39,40]. The interaction
of chemokines with proteoglycans enhances their anti-HIV-
| activity [40,41]. In this experiment, after the separation into
< 100 kDa fractions by ultrafiltration (UF) membranes, the
concentration of the produced RANTES was reduced to 1.6%
of the pre-filtered levels (from 39.3 to 0.61 ng/ml) (data not
shown). Many studies have used recombinant RANTES to
determine the role of RANTES in HIV-1 infection. In our
SHIV-nef vector system, the RANTES is produced in a natu-
ral, secreted form, which may be an advantage for studying
the effect of RANTES in vivo.
Tbelmmmruponm‘mdncedbynnmmmdvirnsm
increase the immunity to a pathogenic virus. Compared with
meimmmﬂmulﬂuycytnkinﬂ[mduwdbyouﬂmfdde-
tion mutants, the RANTES produced by SHIV-RANTES is

inhibit the entry of R5-tropic virus to susceptible cells. SHIV-
RANTEthamabiﬁlym;xowcta;ainﬂchﬂkngcwitha

genic virus when inoculated to monkeys. Indeed, we
found that HIV-1 BaL replication was two orders of magni-
mde lower in the cells pre-inoculated with SHIV-RANTES
than in the naive HIV-1 Bal-inoculated cells.

In conclusion, we have established a SHIV-nef vector sys-
temn that stably cxpresses a high level of biologically active
RANTES. Inoculation of macaque monkeys with SHIV-
RANTES should provide further information on the immune-
modulating effects of RANTES against lentiviral infections.
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Changes in glycosylation of vitronectin modulate multimerization and collagen binding
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Elucidating the mechanisms and factors regulating multi-
merization is biologically important in order to modulate
the biological activities of functional proteins, especially
adhesive proteins in the extracellular matrix (ECM).
Vitronectin (VN) is a multifunctional glycoprotein
present in plasma and ECM. Linkage of cellular adhesion
and fibrinolysis by VIN plays an essential role during tissue
remodeling. Our previous study determined that the col-
lagen-binding activity of VN was markedly enhanced
with the decreased glycosylation during liver regeneration.
This study demonstrated how alternations of glycans
modulate the biological activity of VN. Human and rat
VNs were used because of their similarities in structure
and activities. The binding affinity of human VN fto
immobilized collagen was shown to be higher at pH 4.5
than at 7.5, at 37 °C than at 4 °C. Sedimentation velocity
studies indicated that the greater the multimerization of
human VN, the better it bound to collagen. The results
indicate that the collagen binding of VN was modulated
through its multimerization. Stepwise trimming of glycan
with various exoglycosidases increased both the multimer
size and the collagen binding of human VN, indicating
that they are modulated by changes in glycosylation. The
multimer sizes of VN purified from plasma of partially
hepatectomized (PH) rats and sham-operated (SH) rats
increased by about 45 and 31%, respectively, compared
with those of nonoperated (NO) rats. In accordance with
this, PH-VN exhibited remarkably enhanced collagen
binding than SH-VN and NO-VN on surface plasmon res-
onance. In the PH rat sera, the multimer VN was increased
in both amount and size compared with those in SH- and
NO-sera. The results demonstrate that glycan alterations
during tissue remodeling induce increased multimerization
state to enhance the biological activity of VN.
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Introduction

The extracellular matrix (ECM) surrounding cells plays an
important role in many biological and pathological processes,
including inflammation, tissue remodeling, and invasion by
cancer cells (DeClerck et al. 2004). The ECM is composed
of many kinds of adhesive glycoproteins that regulate cellular
signaling, motility, and proliferation. During tissue remodel-
ing, the- glycoconjugates synthesized by cells are different
from those of normal tissues owing to the changes in the
expression of many proteins that are responsible for glycan
synthesis, such as glycosyl transferases, glycosidases, and
transporters. The nature of the link between such glycan
changes and the process of tissue remodeling is still unclear.

One of the components of ECM, vitronectin (VN), is a mul-
tifunctional glycoprotein that originates mainly in hepatocytes
and circulates in the blood stream at high concentrations
(0.2 mg/mL in humans) (Schvartz et al. 1999), VN binds to
various biological ligands and it plays a key role in tissue
remodeling by regulating cell adhesion and cellular motility
through binding to various types of integrins on the cell
surface, and by connecting the cell behavior to the pericellular
proteolysis through binding with type-1 plasminogen activator
inhibitor (PAI-1), urokinase-type plasminogen activator, and
urokinase receptor (Preissner and Seiffert 1998; Schvarz
et al. 1999). VN also regulates blood systems related to pro-
tease cascades, such as cell lysis by complements, blood
coagulation, and fibrinolysis (Preissner 1991; Seiffert 1997)
through interaction with heparin and thrombin—antithrombin
1l complexes (Podack et al. 1977; McKeown-Longo and
Panetti 1996).

Tissue VN is an active multimeric form believed to interact
with various matrix ligands including proteoglycans and col-
lagen (Preissner and Seiffert 1998), whereas most VN in
plasma is an inactive monomer form and does not bind to
these ligands (Lzumi et al. 1989). VN acquires binding activi-
ties through a conformational transition of the native inactive
form to an active form after treatment with urea, heating, or
in the presence of certain ligands, such as heparin or mem-
brane attack complex in vivo (Gebb et al. 1986; Yatohgo
etal. 1988). That the activation of VN is accompanied by tran-
sition to a .multimer from the inactive monomer has been
shown by ultracentrifugation and gel-filtration analyses
(Zhuang, Blackburn, et al. 1996; Zhuang, Li, et al. 1996),
Understanding the mechanism by which VN functions in
various biological events has been difficult, however, due to
its conformational lability and the overlapping of most of its
ligand-binding activities with those of other matrix molecules.

Recently, mice with a genetic deletion of VN have shown
altered responses to tissue injury, i.e., increased wound fibrino-
lysis and decreased angiogenesis, that resulted in delayed
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wound healing (Jang et al. 2000). This indicates the import-
ance of VN as a multifunctional glycoprotein in tissue remo-
deling after injury by binding with matrix molecules and cell
surface receptors. However, the binding activity of VN to
matrix ligands remains ambiguous in that the collagen-
binding activity of VN has been observed to be slight under
physiological conditions (Gebb et al. 1986). In our preceding
studies, the binding activities of human and porcine VN to col-
lagen and sulfatide were found to be affected by changes in the
glycosylation of VNs in vitro (Yoneda et al. 1998). In particu-
lar, collagen binding was markedly enhanced by the absence
of N-glycans covalently linked to VNs.

We separately found that activation of rat VN occurs during
liver regeneration after partial hepatectomy. An increase in the
collagen-binding activity i with the
changes in vivo (Uchibori-lwaki et al. 2000). The molecular
mass of VN purified from partially hepatectomized rats
(PH-VN) at 24 h had shrunk to 65kDa compared with the
68—69 kDa of VNs from nonoperated (NO) and sham-operated
(SH). The reduction of molecular mass was attributed to the
decrease in carbohydrate concentration of PH-VN, which
was two-thirds of SH-VN and one-third of NO-VN. This
was accompanied by changes in N-glycosylation, sialylation,
and isoelectric point (pl), which shifted to 6 from 4 of NO-
VN and slightly above 4 of SH-VN rats, while the amino
acid composition did not change significantly among the
three VNs. Related to the glycosylation changes, PH-VN
exhibited three times higher binding to type 1 collagen than
NO-VN and about two times that of SH-VN by enzyme-
linked immunosorbent assay (ELISA) (Nakashima et al.
1992). There are three, two, and four potential N-glycosylation
sites for human, porcinc. and rat VNs, respectively, and the
potential sites of human and porcine VNs were shown to be
fully glycosylared in normal animals (Zheng et al. 1995).
Because the positions of the glycosylation sites and the pre-
sence of complex-type sialylated N-linked glycans are highly
conserved among mammalian VNs (Kitagaki-Ogawa et al.
1990; Nakashima et al. 1992), the effects of glycosylation
on the biological activity may be common among mammalian
VNs.

How does glycosylation activate the multifunctional glyco-
protein VN during liver regeneration? Recently, changes in
glycosylation have been found to regulate various biological
events through conformational effects or signaling functions.
ﬂmpﬂeﬂmtmdymmptedmelucidmhowchmgcsin
glycans modulate the biological activity of VN during liver
regeneration. The ﬁndmgs provide a novel insight into the sig-
nificance of protein glycosylation in regulating the biological
activities expressed through the multimerization process.

Results

In this study, investigation of the activation mechanism was
performed mainly using human VN due to the similarities
between human and rat VNs and because rat VN cannot
be obtained in sufficient quantities to perform the various
ultracentrifugal analyses This study simul-
taneously provided s:vural lines of evidence to demonstrate
the common properties between human and rat VNs in the
relationship  betweén  collagen-binding activity and
glycosylation.

Glyean of VN modulates multimerization and collagen binding

Factors affecting binding of VN to collagen

Human VN bound to type 1 collagen in a concentration-depen-
dent manner, and the binding affinity of VN was much higher
at 37°C than 4°C throughout the 'pH range examined
(Figure 1A and B). As shown in Figure IB, the collagen
binding showed a sharp maximum at pH 4.5 in the range of

mLEﬁadwmmmgﬂ,wmw
aggregation of collagen on the binding of VN. Microtiter wells were
Wuﬂﬂ:type!oolhmmdmwmmmﬁdmnwm
various conditions. The bound VN was measured by ELISA using sheep
anti-human VN 1gG and HRP-conjugated rabbit 1gG as described in
the text. (A) Concentmtion dependency of VN at 37°C (@) and 4 °C (A).
(B) Effect of pH at 37 'C () &nd 4 °C (A). (C) Effect of ionic stength at pH
4S{l)andeT.S(O}.(D]Bﬂﬂdmmafmwhr
wells were coated with type | collagen that had been alkaline-treated to

di it to ic collagen (solid line) or untreated to remain in

aggregated form (dashed line) and incubated with human VN at 37°C.
ThnbmdmsammyorhmumVNmummdbyEUSAuvmm:p&
The data rep the ge of four experi
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